30 31 A yet undescribed bacterial species, tentatively named 'Porphyromonas 32 katsikii' has been isolated from diseased individuals with pyogranulomatous 33 pneumonia of a small goat herd during an outbreak of acute respiratory disease. The 34 bacteria isolated grew in the form of black pigmented colonies after 14 days of 35 incubation under anaerobic conditions at 37°C on T-soy -blood agar medium. They 36 were identified as a yet undescribed Porphyromonas species by determination of the 37 nucleotide sequence of the rrs 16S rRNA gene and tentatively named 38 'Porphyromonas katsikii'. PCR amplification with specific primers for this yet 39 undescribed species revealed the presence 'P. katsikii' in lung tissue of all affected 40 animals while no PCR signals were evidenced from lungs of healthy goats or from 41 goats with pasteurellosis caused by Mannheimia haemolytica. These data indicate 42 'P. katsikii' to be the causative agent of acute respiratory distress. 'P. katsikii' is 43 phylogenetically related to Porphyromonas somerae and Porphyromonas levii that 44 cause pathologies in humans and animals respectively. 'P. katsikii' could not be 45 detected by PCR from samples of gingival pockets or of faces of healthy goats. 46 47
Introduction 48 49
Porphyromonas species belonging to the phylum Bacteroidetes are non-50 motile, Gram-negative, rod-shaped, anaerobic bacteria that are considered as 51 emerging pathogens in both humans and animals (1, 2) . In general, Porphyromonas 52 species, and in particular Porphyromonas gingivalis, the best studied representative of 53 the genus, are known as oral pathogens causing gingivitis, periodontitis, endodontic 54 diseases and apical abscesses in human and animals (3-5). However, several 55
Porphyromonas species are involved in other human and animal pathologies such as 56 metritis, peritonitis, interdigital necrobacillosis and necrotic vulvovaginitis (2, 6-8). 57
Given that phenotypic identification and discrimination of Porphyromonas and 58
Prevotella species has been shown to give inconsistent results (9), genotypic species 59 identification based on 16S rRNA gene sequences was developed and had been used 60 successfully thereafter (10). 61 62 Porphyromonas somerae and Porphyromonas levii, two closely related 63 species are regarded as pathogenic species of human and cattle, respectively. Clinical 64 manifestations of P. somerae (P. levii-like) include soft-tissue and bone infections, 65 brain abscesses, and otitis media with mastoiditis (6, 7, 11). In ruminants, P. levii has 66 been isolated from bovine necrobacillosis (8), papillomatous digital dermatitis (12), 67 and acute interdigital phlegmon among cows (13), as well as from an outbreak of 68 bovine necrotic vulvovaginitis (6). However P. levii was also reported as an 69 opportunistic pathogen in the rumen of cattle (2, 14) and was also found in healthy 70 cattle herds (15) . 71 72 4
We herein report data on bacteriological isolation and genotypic identification, 73 clinical signs, laboratory results and pathology that are indicative of an outbreak of 74 pyogranulomatous pneumonia associated with acute respiratory disease in goats 75 (Capra aegagrus hircus) caused by a yet unknown Porphyromonas species, which we 76 tentatively name 'Porphyromonas katsikii'. 77 78
Materials and methods 79 80
Description of the goat herd 81
The herd studied that was affected by pyogranulomatous pneumonia consisted 82 of 25 domestic goats (Capra aegagrus hircus) between one and six years. The 83 animals were in the high milking period and not pregnant. They were kept in a closed 84 building with good natural ventilation (permanently open windows), fed with silage 85 and were allowed grazing for 4 -5 hours daily during months with moderate climate. 86
Animal traffic was strongly controlled in the area. Twice a year all adult goats were 87 vaccinated against clostridial diseases (Bravoxin10 MSD UK). As a preventive 88 measure against pneumonic and intestinal endoparasites all adult animals were treated 89 with Netobimin (Hapadex 5% MSD UK) once a year. A brief study of the clinical 90 records showed that in 2011 eleven milking goats in this herd showed clinical 91 symptoms of contagious agalactia and were successfully treated with tylosin (Tylan 92 ELANCO). 93 94
Gross pathology and histology 95
A field necropsy was performed 1 h post-mortem from all 6 affected animals 96 of the goat herd after an outbreak of acute respiratory distress. Specimens of the lung 97 were fixed in 10% neutral buffered formalin, embedded in paraffin wax, and cut in 98 5 μm thick sections for subsequent hematoxylin, eosin and May-Grünwald Giemsa 99 staining. 100 101
Strains and culture conditions 102
Microbiologic examination of lung samples including aerobic, and anaerobic cultures 103 for bacteria and mycoplasma were performed according to standard methods (16) . In order to directly detect the newly discovered 'Porphyromonas katsikii' in 138 clinical samples, we have designed specific primers based on the rrs gene sequence of 139 this novel species and comparison with rrs gene sequences of related Porphyromonas 140 species, resulting in the following: P_katsikii16S_L: ATAGAGTCGGGCACGTGTG 141 and P_katsikii16S_R: CAGCACCTACATACAGACCC. PCR conditions were the 142 same as described for the universal primers. 143
Total DNA from 125 mm 3 pieces of lung tissues 1 mg feces or swabs taken 144 from sub-gingival pockets of goats was extracted using a guanidium-thiocyanide -145 magnetic beads method as described earlier (19). The samples were suspended in 1 ml 146 SV lysis buffer (4 M guanindine thiocyanate, 0.01 M Tris-HCl pH 7.5, 1% β-7 mercaptoethanol), incubated room temperature for 60 min with gentle shaking, 148 followed by centrifugation at 4'500 x g for 10 min to remove debris. Then 500 μl of 149 the supernatant was mixed with 30 μl Magnesil® RED magnetic bead suspension 150 (Promega, Madison, WI, USA) in a 1.5 ml disposable Eppendorf tube and mixed for 151 10 min at room temperature with gentle shaking. With the aid of a magnetic separator 152 (scil® Magnetic separator 24, Promega), the supernatant was removed from the 153 magnetic beads with the aid of a magnetic separator (scil® Magnetic separator 24, 154 Promega). The liquid phase was removed again as described above. Magnetic beads 155
were then washed twice with 500 μl of ethanol absolute and beads were air dried for 156 approximately 40 min. Then the DNA retained on the beads was eluted with 50 μl of 157 pyrogen free water by pipetting the beads pellet up and down. The DNA eluate (40 -158 42 µl) was removed after 5 minutes incubation at room temperature using the 159 magnetic rack to retain the magnetic beads, and stored at -20°C until further use. sequence of P. levii or P. somerae is 8%. This is largely above the 3% difference that 234 is generally recommended to be regarded as a new species (22). We therefore 235 conclude that the Porphyromonas strains isolated from the diseased goats represent a 236 novel species that we tentatively name 'Porphyromonas katsikii' (κατσίκα gr. goat). 237 To the authors' knowledge, this is the first report of a Porphyromonas lung 265 infection in goats. As bacteriological diagnostics using culture methods often result in 266 overgrowth by secondary much faster growing bacteria resulting from contaminations 267 of the dead carcasses, the impact of Porphyromonas species in specimens of diseased 268 animals is not easy to pinpoint and the primary pathogen quite often remains 269 undetected due to its slow growth properties. In the current case Porphyromonas only 270 grew after 10 days or more and could only be identified in 3 animals. However, we 271 were able to detect 'Porphyromonas katsikii' in lung samples of all affected animals 272 by PCR both with universal 16S rRNA gene primers followed by DNA sequencing, 273
where it revealed to be the only species recognized. It has to be underlined that 274 universal bacterial 16S rRNA gene primers used for PCR resulted uniquely in 275 detectable 16S rRNA gene fragments corresponding to 'Porphyromonas katsikii ', 276 hence indicating that other bacteria were comparatively at very low abundance or 277 absent in the affected lung tissue. Furthermore, 'P. katsikii' was also detected in the (1). In a previous study (6), cases of necrotic vuvlovaginitis were associated with P. 289 levii in cows. In this study, lesions of the genital tract and immunosuppressive 290 stressors as calving, age and primiparity of the cows were considered as risk factors of 291 that outbreak. In our current case, the primary site of infection was not determined. 292 'P. katsikii' could not be detected by specific PCR from gingival pockets of healthy 293 goats where the habitat of Porphyromonas species is expected, nor from feces of 294 healthy goats. Furthermore, there was no evidence of immune suppression of the goat. 295
It could be speculated that lungworm which is very common among goats, especially 296 in goats reared in backyard farms, could be the primary site of infection prior to 297 dissemination of the bacterium to the lung. However, no ova or larvae of nematodes 298 were evidenced in the affected animals. 'Porphyromonas katsikii' is an anaerobic 299 bacterium, although slight growth of this bacterium in 5% CO 2 atmosphere on 300 mycoplasma medium was observed. Hence, one can speculate that airways filled with 301 exudate could have served as anaerobic conditions in order to initiate the infection. 302
The absence of 'P. katsikii' in healthy goats as revealed by analyzing sub-gingival 303 samples where Porphyromonas species most likely are expected to have their 304 ecological niche, and from feces, suggests that the infectious agent may not be a 305 commensal of these animals. 
